Background. The aim of this study was to evaluate the safety profile of fast-track surgery (FTS) compared to standard care in elective colorectal surgery involving segmental colonic and/or rectal resection. Methods: All of the randomized controlled trials (RCTs) and non-randomized controlled clinical trials (CCTs) on FTS for colorectal surgery were analyzed with the Cochrane systematic review. Database retrievals of Medline, Embase and Cochrane was were conducted, together with two published FTS meta-analyses. Two reviewers independently assessed the quality of the studies, extracted the relevant data and performed a cross-check. A metaanalysis was performed with RevMan 5 software. Results: A total of 15 studies were reviewed in this study, including 13 articles in English and 2 articles in Chinese, of which 7 were RCTs and 8 were CCTs. The overall rates of morbidity and readmission in the FTS group were lower compared to patients who underwent the conventional treatments (conventional treatment group or control group) in the RCTs but tended to increase in the CCTs. There were no statistically significant differences between the FTS group and the control group regarding ileus, anastomotic leakage, abdominal distention, nausea and vomiting, urinary retention and infection of the incisional wound. Conclusion: The overall rates of morbidity and readmission in the FTS group were similar or even lower compared to the control group in RCTs, with an increasing trend in the CCTs. Further discussion is needed as to why the results of the RCTs were not repeated in the CCTs, especially with regard to the causes of readmission. It should also be determined whether an early discharge might cause a delay in the diagnosis of some complications, and thereby the occurrence of serious complications. If a number of severe complications occurred due to an early discharge, the value of FTS would be in question.
Introduction
Fast-track surgery (FTS) was an important achievement in colorectal surgery; after a series of fast-track treatments, patients have had a markedly alleviated postoperative stress state, an improved immune state, a distinctly faster recovery and a markedly reduced length of hospital stay [1] [2] [3] . Gouvas et al. [4] performed a meta-analysis on the applications of FTS and conventional treatments in colorectal surgery and found that high-grade evidence proved that FTS remarkably reduces the hospitalization time, without markedly increasing postoperative complications. This systematic review seemed to indicate that FTS is effective and safe in colorectal surgery, without need for further evaluation. However, a multicenter study performed by Nygren et al. [5] found that the rate of readmission and the incidence of anastomotic leakage after FTS tended to increase. This indicates that high-grade evidence may be given more attention in a study of effectiveness, whereas low-grade evidence may be examined in a safety profile study. After all, the research conditions in clinical practice cannot be as strictly controlled as in a clinical study, and the complication rate in the clinical practice may be higher compared to clinical studies. Thus, our study group performed a systematic review and a metaanalysis on the published documents on FTS in recent years, which aimed to explore the safety profile of FTS and provide a basis for further clinical applications.
Data and Methods

Data retrieval
The China Knowledge Resource Integrated Database and Wanfang Database were searched with keywords such as "fast track surgery", "enhanced recovery" or "colorectal surgery." The Medline, Embase and Cochrane databases were searched, and the references in two recently published documents on the meta-analysis of FTS were manually searched. There were no limitations on language or time. The review was prepared according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.
Inclusion criteria
All of the eligible studies were reviewed, including laparoscopic colorectal surgery and open colorectal surgery. The inclusion criteria were the following: (1) randomized controlled trials (RCTs) that were evaluated by the Jadad scale and defined as well designed; (2) non-randomized concurrent controlled trials (CCTs); (3) documents in which a comparison between FTS and the conventional treatments was drawn or non-scientific randomization (i.e., only singular and plural "quasi-randomization") was used, which was considered to be a CCT.
Exclusion criteria
The following circumstances were excluded: (1) studies that compared fast-track treatments of open surgery and laparoscopic surgery with no comparison between FTS and conventional treatments; (2) studies that were performed for a single treatment and specific population (e.g., a simple study on laparoscopic FTS or another operation); or (3) studies in which the results were not clearly described and not enough data were obtained.
Literature extraction
The quality of RCTs was assessed with the Jadad scale, whereas the quality of CCTs was assessed with the Newcastle-Ottawa Scale (NOS) [4] . Two reviewers independently read the documents, extracted the factors, such as author, years, number of eligible cases, age and gender, according to the research program and ensured that the documents were in accordance with the inclusion criteria. The literature on which the reviewers did not reach agreement was given to a third reviewer to determine inclusion or exclusion from our analysis. Potentially relevant RCTs and CCTs were identified and screened for retrieval, according to the PRISMA diagram template ( Table 1 ).
Research indexes
Safety indexes of FTS and conventional treatments with colorectal surgery were analyzed in this study, including postoperative mortality in 30 days, overall morbidity in 30 days, readmission rate in 30 days, causes of readmission, intestinal obstruction in 30 days, abdominal distention, nausea and vomiting after an early feeding, anastomotic leakage, infection of the incisional wound and urinary retention.
Statistical analysis
A systematic review and quality assessment was performed with use of the principles and sequence recommended by the Cochrane cooperative group and PRISMA guidelines. A systematic review and metaanalysis were performed with RevMan 5 software. The odds ratio (OR) accompanied by a 95% confidence interval (CI) was considered as an effect index. Eligible documents and data were used for the consistency analysis and processing, and the heterogeneity among the trials was evaluated by a chi-squared test. If there was no heterogeneity among the trials, the data were merged with a fixed effect model; otherwise, the data were merged with a stochastic effect model.
Results
Eligible documents
In all, 91 articles complying with the search requirements were available from the Medline, Embase and Cochrane databases, and 108 papers were obtained by searching the China Knowledge Resource Integrated Database and the Wanfang Database with keywords such as "fast track surgery," "enhanced recovery" or "colorectal surgery." Then, 27 papers were screened by titles and abstracts. Through the assessment of document quality and review of inclusion criteria, a total of 15 documents were selected, including 13 articles in English and 2 articles in Chinese, of which 7 were RCTs and 8 were CCTs [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . In the RCTs, 226 patients were in the FTS group, and 220 were in the control group. In the CCTs, 566 patients were in the FTS group, and 869 in the control group.
Total complications
Total complication rates were reported in all 15 trials. For the 7 RCTs, 50 cases (22%) with complications occurred in the FTS group, and 98 cases (45%) with complications occurred in the control group. The overall incidence of complications in the FTS group was significantly lower compared to the control group, which was in accordance with the results of the meta-analysis. The results of the 7 RCTs were uniform and had no heterogeneity by testing. Regarding the 8 CCTs, 147 cases (26%) with complications occurred in the FTS group, and 271 cases (31%) occurred in the control group. Five CCTs showed that the overall complication rate was reduced, and 3 CCTs showed that it was increased. The presence of heterogeneity was confirmed by a heterogeneity test. The results of the CCTs were integrated with a stochastic model, and the OR value in the CCTs was 0.82 (95% CI: 0.52, 1.29). There was no statistical significance among the trials. When the total complications were integrated and analyzed with a stochastic model, the OR value in the CCTs was 0.59 (95% CI: 0.41, 0.85), suggesting that the overall complication rate was reduced in all of the trials (Figure 1 ).
Total mortality rate
Out of 15 trials, the mortality rate was reported in 6 trials; a total of 16 (3.5%) patients died in the FTS group, whereas 15 (2.6%) patients in the control group died.
No heterogeneity was reported in the RCTs and CCTs, and a confluence analysis could be performed, suggesting that the mortality rate was not significantly different between the FTS and the control groups (OR: 1.51, 95% CI: 0.76, 2.99) (Figure 2 ).
Total readmission rate
The readmission rate was reported in 4 RCTs and 8 CCTs. For the RCTs, Khoo et al [9] reported that the readmission rate in the FTS group was higher compared to (Figure 3 ).
Intestinal obstruction
The occurrence of intestinal obstruction was reported in 4 RCTs and 4 CCTs. Thirteen (3%) patients in the FTS group and 17 (3.6%) patients in the control group had intestinal obstruction. There were no significant differences between the two groups, suggesting that FTS did not increase the occurrence of intestinal obstruction (Figure 4 ).
Anastomotic leakage
The occurrence of anastomotic leakage was reported in only one RCT and4 CCTs. In the RCT, anastomotic leakage occurred in one patient from the FTS group and three patients from the control group, and there were no significant differences between the two groups. In the 4 CCTs there were 23 (5.8%) cases with anastomotic leakage in the FTS group and 18 (2.7%) cases in the control group. There were no significant differences between the groups. However, the prognosis of patients with anastomotic leakage was not elucidated in these studies ( Figure 5 ).
Abdominal distention, nausea and vomiting
Abdominal distention, nausea and vomiting were important adverse reactions after an early feeding. Because abdominal distention, nausea and vomiting did not greatly influence the prognosis and were easily treated, they were not outlined as complications in many articles, although they were selected as observed indicators during FTS. In the selected trials, 4 RCTs and 3 CCTs demonstrated that 55 (16.9%) patients from the FTS group and 72 (19.1%) patients from the control group had abdominal distention, nausea and vomiting. There was no significant difference between the two groups ( Figure 6 ).
Incisional wound infections
The occurrence of incisional wound infections was reported in 6 RCTs and 7 CCTs; 30 (4.3%) patients in the FTS group and 61 (6.8%) in the control group had an incisional wound infection. There was no significant difference between the two groups ( Figure 7 ).
Urinary retention
The occurrence of urinary retention was reported in 4 RCTs and 3 CCTs. In those cases, 19 (5.5%) patients from the FTS group and 25 (6.1%) patients from the control group had urinary retention. There was no significant difference between the two groups ( Figure 8 ).
Discussion
Important developments have occurred in FTS in recent years. Patients undergoing FTS have achieved a faster recovery, decreased hospitalization rate and reduced medical costs after a series of perioperative treatments with use of evidence-based medicine [1] [2] [3] . FTS has been most widely and successfully applied in colorectal surgery. The patients undergoing FTS should receive a number of fast-track treatments during the perioperative phase. Compared to conventional treatments, the average hospitalization time of patients undergoing fast-track colorectal surgery was reduced by 2.35 days. Although the time to readmission caused by complications increased, the average hospitalization time of patients undergoing FTS was reduced by 2.46 days, suggesting that FTS shortened postoperative hospitalization time [4] . In studies, patients underwent fast-track colorectal surgery and achieved a significantly reduced hospitalization time. In an RCT by Liu et al. [10] , the average postoperative hospitalization time of patients from the FTS group was 4.7±2.6 days, whereas the average time in the control group was 8.9±2.8 days.
An RCT by Yang et al. [11] demonstrated that the average postoperative hospitalization time in the FTS group was 6±1 days, whereas the average time in the control group was 11.7±3.8 days. The differences between the two groups was not statistically significant. Gouvas et al. [4] and Wind et al. [20] both previously performed a systematic review and meta-analysis of the FTS results and found that FTS could reduce the hospitalization time and promote patient recovery, but the complication and readmission rates were not significantly different between the two groups. However, in the studies of Gouvas et al and Wind et al researchers did not perform further examination of various complications and also did not discuss whether some complications were associated with FTS. We studied the operative complications of fast-track colorectal surgery and especially paid attention to whether delayed treatment caused serious complications when the patients were rehospitalized due to reduced hospitalization time. Also, we not only paid attention to the results of the RCTs but also reviewed the results of the CCTs, because the CCTs were more consistent with clinical practice and CCTs might have more value in some safety studies. The readmission rate is an important indicator of safety in the study of FTS; although the FTS has certain discharge indicators, they cannot illustrate the extent of patient recovery. If the readmission rate of FTS is too high, the value of FTS will be in doubt, and "FTS" could easily be changed to "Fast Discharge Surgery". The systematic reviews performed by Gouvas et al. [4] and Wind et al. [20] showed by high-grade evidence that the readmission rates of patients undergoing FTS did not increase. The meta-analysis in these two study also indicated that total complications did not increase, but the subgroup analysis in 8 CCTs found that the readmission rate of patients from the FTS group was significantly higher compared to the control patients. Mohn et al. [17] reported that 14 out of 94 patients from the FTS group were rehospitalized, but there were no rehospitalized patients in the control group. Nygren et al. [5] reported that 26 out of 118 patients from the FTS group were rehospitalized, and the readmission rate in the FTS group was also higher compared to the control group. Regarding the 8 CCTs, except for the trial reported by Feo et al. [15] , the other 7 trials suggested that the readmission rate in the FTS group was higher compared to the control group. In other words, when FTS was applied in clinical practice, the readmission rate increased. The causes of readmission included intestinal obstruction, incisional wound infection, intraintestinal infection, anastomotic leakage and dehydration. Basse et al. [6] reported that, for the deaths in the FTS group, one patient died on the 10th day after a reoperation because of anastomotic leakage, one died on the 17th day because of anastomotic leakage and peritonitis, one died on the 51th day because of anastomotic leakage combined with heart failure and one died on the 19th day because of pulmonary edema. Although it was not clear whether these deaths were due to delayed diagnosis and treatment, the possibility of intra-abdominal abscess. and even death. caused by delayed treatment of the anastomotic leakage was lower.
Similar to other studies, in our study, the total complication rate did not significantly increase. The gross complication rate in the FTS group was significantly decreased in the 7 RCTs, meaning that the complication rate in the FTS group was significantly decreased; however, in the 8 CCTs, the total complication rate was significantly different between the FTS group and the control group. A non-randomized prospective controlled study by Mohn et al. [17] demonstrated that the complication rate in the FTS group was 31%, which was markedly higher compared to the control group (18%). The results of the studies by Polle et al. [18] and Feo et al. [15] indicated that the complication rate in the FTS group was higher compared to the control group. Because the hospitalization time of patients was relatively short in the FTS group, the patients were discharged from the hospital before a number of complications occurred , such as anastomotic leakage, intraintestinal infection and intestinal obstruction. These complications are also important causes of readmission. If these complications are promptly diagnosed and treated, grave outcomes can be prevented. Although the occurrence of complications was reported in all RCTs, detailed reasons for these complications have not been thoroughly explored. Anastomotic leakage and intestinal obstruction are the complications that attract the most attention. Coincidentally, all of the RCTs concluded that the rates of anastomotic leakage and intestinal obstruction in the FTS group were lower compared to the control group, whereas all the CCTs concluded that the rates of anastomotic leakage and intestinal obstruction in the FTS group tended to increase. A study by Mohn et al. [7] found that the rate of anastomotic leakage was 7.4% in the FTS group, which was nearly 3 times that in the control group (2.6%). If treatment of patients with anastomotic leakage and intestinal obstruction is at all delayed, the results will be extremely serious. Although routine follow-up is an important part of the fast-track planning, can we follow-up simply by telephone or by a family-doctor visit instead of an examination by specialists?
This study showed that incision wound infection, urinary retention and other complications were not significantly different between FTS and conventional treatments, and the result was in accordance with the results of other studies. However, because these complications were minor, they were usually easy to ignore. Additionally, the occurrence of abdominal distention, nausea and vomiting after an early feeding was given much attention in this study; unfortunately, only 7 trials mentioned complications, such as abdominal distention, nausea and vomiting, and the systematic reviews revealed that the occurrence rate of abdominal distention, nausea and vomiting was 16.9% in the FTS group and 19.1% in the control group. There were no significant differences between the two groups. Although the abdominal distention, nausea and vomiting were not very serious complications, they might have affected early enteral feeding in the FTS group and thereby influenced the therapeutic outcome.
In conclusion, FTS has the advantage of reducing hospitalization time. Indeed, some well designed RCTs have found that the complication rate, readmission rate and mortality rate in the FTS group were similar or even reduced compared to the control group. On the contrary, the rates of complications, readmission and mortality were much higher in the FTS group in the CCTs. Why are the results confirmed in the RCTs difficult to reproduce in the CCTs? Were human biases present in the results of the RCTs, or were some results of the RCTs intentionally concealed? "Fast discharge" is not equivalent to "fast track," and thus, if serious complications occur due to a fast discharge, the value of FTS will be in question.
